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Abstract. This study examines real-time monitoring and automatic management 

of passenger flow on metropolitan escalators using artificial intelligence and computer 

vision technologies. The aim is to develop the conceptual foundations of an automatic 

hazard detection system based on deep learning algorithms (CNN, YOLO, 

transformer). Systematic literature analysis based on PRISMA principles, comparative 

analysis, and conceptual modeling were employed, with 25 international sources 

analyzed. A three-layered system architecture integrating Edge AI and Fog Computing 

is proposed. The daily passenger flow of Tashkent Metropolitan exceeding one million 

in 2025 confirms the urgency of implementation. 
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Introduction 

The intensification of urbanization and the growth of megacity populations is 

significantly increasing the burden on urban transport, particularly on metropolitan 
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infrastructure. The Tashkent Metropolitan — the only metro network in Central Asia 

— saw its passenger flow grow from 38.8 million in 2020 to 290 million in 2025, i.e., 

more than sevenfold over five years [1, 2]. The daily passenger flow has exceeded 1 

million, with the “Pakhtakor” station alone serving 77,000 passengers per day [3]. 

Under these conditions, the problem of congestion and accidents on escalators 

has become an urgent research topic. Traditional video surveillance systems rely on 

operator control, and due to the limitations of the human factor, real-time detection of 

hazardous situations is difficult [4]. Integrating artificial intelligence and computer 

vision technologies into metropolitan infrastructure is a promising solution [5, 6]. The 

aim of this study is to analyze the theoretical foundations of these technologies and to 

develop a conceptual model for their implementation in the conditions of the Tashkent 

Metropolitan. 

Literature Review 

The revolution in computer vision began with Krizhevsky et al.’s AlexNet 

convolutional model [7]. Subsequently, Vaswani et al. proposed the transformer 

architecture [8], which was later adapted for images by Dosovitskiy (ViT) [9]. Carion 

et al. developed DETR for object detection [10]. The YOLO family has evolved from 

YOLOv3 in 2018 [11] through YOLOv5, v7, v8, v9, and v11; Akkaya and Halici 

compared the accuracy and speed of the various versions [12], and a recent study 

confirmed the superiority of YOLOv7 and v11 in crowd detection [13]. 

In the metropolitan environment, Xu et al. developed the transformer-based 

MPDNet [14]. Wu et al. presented a bidirectional flow-counting system using 

improved DeepSORT at Shanghai and Shenzhen stations [15]. Pawar et al. performed 

real-time crowd assessment at stations based on YOLOv8s [16]. A distributed deep 

learning system demonstrated 94–99% accuracy [17]. Osipov et al. published an 

escalator safety system based on CNN and recurrent neural networks in the journal 

Nature [18]. Wang et al. analyzed the cascading spread of escalator accidents [19]. 
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Palestinian researchers detected falls with 94.99% accuracy using the LRCN model 

[20]. The EN 115-1:2017 [21] and ISO 8102-6:2019 [22] standards regulate escalator 

safety at the normative level. 

Research Methodology 

A four-stage mixed methodology was applied in the study. In the first stage, a 

systematic literature review based on PRISMA principles was conducted: 25 Q1–Q2-

level sources from 2019–2026 were selected from the IEEE Xplore, Springer Link, 

Elsevier, MDPI, Frontiers, Nature, and arXiv databases. In the second stage, a 

comparative analysis of YOLO and other models was carried out in terms of accuracy 

(mAP), speed (FPS), and resource requirements. In the third stage, official statistics of 

the Tashkent Metropolitan for 2020–2025 were studied. In the fourth stage, a 

conceptual model based on the Edge–Fog–Cloud architecture was developed. 

Results and Discussion 

Theoretical Foundations and Mathematical Modeling 

Convolutional neural networks (CNN) automatically learn the spatial 

hierarchical features of an image. The convolution operation is expressed by the 

following formula: 

(1)  

 where I is the input image, K is the kernel (filter), and M and N are the dimensions 

of the kernel. In the YOLO algorithm, the IoU (Intersection over Union) metric is 

used to evaluate object detection accuracy: 

(2) 



  INTERNATIONAL CONFERENCE ON 

INTERDISCIPLINARY SCIENCE  
Volume 03, Issue 08, 2026 

 

201   INTERNATIONAL CONFERENCE ON INTERDISCIPLINARY SCIENCE                            universalconference.us                                                                                              
 

where B_pred is the bounding box predicted by the model and B_gt is the ground-truth 

bounding box. Detection is considered correct when IoU ≥ 0.5. Crowd density and the 

risk index on the escalator are determined as follows: 

(3) 

where ρ(t) is the density at time t, N(t) is the number of passengers, A is the escalator 

surface area, v(t) is the speed of movement, and α and β are weighting coefficients. 

The total latency for real-time monitoring is calculated as follows: 

(4) 

For real-time monitoring, T_latency must be ≤ 200 ms; otherwise, timely detection of 

a fallen passenger becomes impossible. 

Comparative Analysis of YOLO Models 

Model 
Accuracy 

(mAP) 
Speed (FPS) Model Size Main Advantage 

YOLOv5s 56.8% 125 14 MB 
Highest speed, suitable for 

Edge devices 

YOLOv7 69.7% 96 36 MB 
High performance in crowd 

detection 

YOLOv8 70.3% 110 22 MB 
Balance of accuracy and 

speed 
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Model 
Accuracy 

(mAP) 
Speed (FPS) Model Size Main Advantage 

YOLOv11 73.5% 105 19 MB 
Most advanced, efficient 

compact module 

Table 1. Comparative technical analysis of YOLO models 

As shown in Table 1, the YOLOv8 and YOLOv11 models provide the best 

balance of accuracy and speed for real-time monitoring. 

4.3. Passenger Flow of the Tashkent Metropolitan 

 

Figure 1. Dynamics of Tashkent Metropolitan passenger flow, 2020–2025. 

No. Station Name Daily Passengers Direction 

1 Pakhtakor 77,272 Chilanzar 

2 Amir Temur Avenue 60,048 Yunusabad 
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No. Station Name Daily Passengers Direction 

3 Chilanzar 58,754 Chilanzar 

4 
Buyuk Ipak Yoli (Great 

Silk Road) 
54,195 Uzbekiston 

Table 2. Most heavily loaded stations of the Tashkent Metropolitan (October 

2024). 

Given such high loads, it is advisable to begin the pilot system precisely at these 

stations. 

Proposed System Architecture 

Based on the analysis results, a three-layer intelligent monitoring system 

architecture is proposed (Figure 2). The Edge layer includes local computing devices 

near the escalator (NVIDIA Jetson, Google Coral), equipped with YOLOv8n or 

YOLOv5s models, processing video streams with 50–100 ms latency. The Fog layer 

consists of station-level servers that aggregate data and make autonomous decisions. 

The Cloud layer is located in a central data center and performs long-term analysis and 

model retraining tasks. 
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Figure 2. Three-layer architecture of the escalator monitoring system. 

Hazardous Situations on Escalators and Detection Methods 

Hazardous 

Situation 
Detection Method Accuracy Source 

Fall 
Pose estimation 

(OpenPose, HRNet) 
94.99% [20, 23] 

Crowd congestion Density map regression 92-95% [16, 17] 

Walking against 

direction 
Optical flow + CNN 90-93% [18] 

Anomalous behavior Autoencoder + LSTM 88-92% [18] 

Table 3. Hazardous situations on escalators and artificial intelligence methods. 

The advantage of the pose estimation approach is that, since it operates on a 

skeletal basis, it requires fewer computational resources and preserves privacy [23]. 
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Implementation Opportunities in the Tashkent Metropolitan 

A phased implementation of the system is proposed: Phase 1 (6–12 months) — 

pilot project at the Pakhtakor and Khalqlar Do’stligi stations; Phase 2 (12–24 months) 

— expansion to all stations of the Chilanzar line; Phase 3 (24–36 months) — full 

integration across all 50 stations and connection with the city management system. 

From the standpoint of personal data protection, the skeleton-based pose estimation 

approach is preferable [23]. 

Conclusion 

The study shows that artificial intelligence and computer vision technologies — 

CNN, YOLO, transformer, and pose estimation methods — provide high efficiency in 

automating metropolitan escalators. The integration of Edge AI, Fog Computing, and 

Cloud Computing technologies ensures high response speed, reliability, and 

scalability. For the implementation of an intelligent monitoring system in the 

conditions of the Tashkent Metropolitan, the following is recommended: (1) launch a 

pilot project at the most heavily loaded stations; (2) create a local dataset and retrain 

models; (3) align with international standards (EN 115, ISO 8102-6); (4) comply with 

personal data protection norms. Future research should be directed toward creating a 

dedicated dataset for Tashkent Metropolitan escalators and developing hybrid model 

architectures. 
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